Summary &horbar; Major functions of portal-drained viscera (PDV) and liver of cattle include absorption of digestion products and modification of the body's supply of intermediary metabolites. The disproportionately high metabolic rate of PDV and liver (7-13% of body tissues) is exemplified by their oxygen uptake (40- 
. Discussion of physiological state will center on growth or lactation.
PORTAL BLOOD FLOW AND ME IN-TAKE
There is a positive direct relationship between blood flow through PDV and ME intake in cattle and sheep. Linear (Huntington, 1984a; Weighart et al, 1986) or curvilinear (Webster et al, 1975; Lomax and Baird, 1983) Reynolds et al, 1988) .
Teleologically, portal and hepatic blood flow increase in response to increased ME intake to transport digested nutrients from the gut, through the liver, and on to the rest of the body. Heart rate and thereby cardiac output likewise increase with increased intake (Rumsey et al, 1980 (Thompson et al, 1978; Burrin et al, 1989) . The PDV are 6.4-10 % of body tissues, and the liver 1-3 % (Smith and Baldwin, 1974; Doreau et al, 1985; Jones et al, 1985) . Therefore, splanchnic tissues account for 35-50 % of HE which is a disproportionately high rate of oxidative metabolism relative to their contribution to body mass.
Because these proportions or amounts are substantial, they are attractive targets for ways to improve overall energetic efficiency of cattle.
Absolute rates predictably increase with lactation (table I) or with increased intake (Webster et al, 1975; Ferrell, 1988; Reynolds et al, 1986 Huntington et al, 1988 (Reynolds and Tyrrell, 1989 Reynolds, 1986; Kreikemeier et al, 1987) showed that about two-thirds of the glucose infused and one-third of the starch infused could be accounted for by increased net absorption of glucose. Ostensibly, the rest is used by PDV tissues or further metabolized in the lumen of the intestine. This is suggested by studies with dairy cows (Pehrson et al, 1981) and beef steers (Turgeon et al, 1983) (Harmon, 1986) .
Ruminants are eminently capable of gluconeogenesis to meet their metabolic needs (Young, 1977) . Net Reynolds et al, 1988) . Fasting causes the PDV to shift from production to net use of ketones (Lomax and Baird, 1983) .
AMINO ACIDS
Like glucose and VFA, the PDV uses amino acids from dietary and endogenous sources (Tagari and Bergman, 1978 Huntington, 1987; Huntington et al, 1988) .
The liver removes amino acids from portal supply in amounts that vary among individual acids, thereby further modulating the rates and proportions of amino acids available for the rest of the body (Baird et al, 1975; Bergman and Pell, 1985; Huntington and Eisemann, 1988) . The liver is a major participant in N shuttles among various tissues that involve alanine, glycine, glutamate, glutamine, arginine, ornithine and citrulline (Bergman and Pell, 1985) . The livers of lactating cows removed 43 % of net PDV supply of a-amino N (Reynolds et al, 1988) and the livers of growing beef steers removed 24 % (Huntington and Eisemann, 1988) . Liver removal of aamino N decreased in steers changed from hay to a high-grain diet, resulting in greater splanchnic release with constant PDV absorption (Huntington, 1989) . Guerino et al (1988) increased PDV absorption of a-amino N abomasal infusion of casein into steers fed a high-grain diet, but liver removal increased correspondingly and splanchnic release of a-amino did not change.
AMMONIA AND UREA Ammonia and urea are significant components in overall N metabolism of cattle (table IV). Over a variety of diets, N digestibility ranged from 61-72 % of N intake. Urine N and retained N varied with intake and productive state. Net PDV production of ammonia N ranged from 16&horbar;95 % of N intake and was directly related to N intake. Net removal of urea N by PDV (transfer from blood to the lumen of the gut) ranged from 15-37 % of N intake, and net production of a-amino N ranged from 18-36 % of N intake. With the exception of beef heifers fed the high-concentrate diet (table IV) , net absorption of ammonia N was equal to or greater than net absorption of a-amino N. Net transfer of urea N and net absorption of a-amino are generally similar.
Diet composition affected site of urea N flux across PDV of steers (table V) . In steers fed hay, urea was transferred predominantly to the post-stomach. When the same steers were fed a high-concentrate diet, urea flux shifted to the stomach (rumen). Earlier work with 15 N similarly showed transfer of urea N was predominantly to the lower gut of sheep fed forage (Nolan and Leng, 1972 (Huntington and Eisemann, 1988; Reynolds et al, 1988; Huntington, 1989) . Net liver removal can account maximally for 70 to 80 % of urea N released (Huntington and Eisemann, 1988; Reynolds et al, 1988; Huntington, 1989) . The capacity of a healthy liver to remove ammonia is not exceeded with normal diets (Symonds et aI, 1981; Orzechowski et al, 1987) (Webb, 1986 (Huntington et al, 1988) . This may explain in part some of the metabolism behind greater efficiency of energy use by ruminants fed legumes compared to grasses (Rattray and Joyce, 1970; Tyrrell et al, 1982; Thompson et al, 1985; Varga et al, 1987 
